natural course of hypothalamic-pituitary dysfunction was able to be observed.
Case Report
A 21-year-old man was referred to our hospital with severe fatigue. At 6 years of age, he had consulted the department of pediatrics in our hospital because of his short height (97.4 cm, −3.56 SD). He was diagnosed with short stature due to GH deficiency accompanied by a sphenoid cystic lesion. Until 10 years old, he did not visit his doctor. GH replacement therapy was administered from the age of 10 to 13 years. However, the patient could not continue the GH replacement therapy after the age of 13 years. After this, he visited the doctor about only once a year, and he did not receive a treatment. At 21 years of age, he was hospitalized in a local hospital due to infectious enteritis; he was also diagnosed with secondary hypothyroidism. Following this, he was admitted to our hospital for further evaluation of hypopituitarism.
His height was 144 cm and body weight was 38 kg. He had no external malformations, but had peripapillary staphyloma in left eye. No axillary or pubic hair was present. His Tanner stages were G1 and P1, and each of his testes was 3 mL in volume. The labora-mone releasing peptide-2) injection. According to hand X-rays, his bone age was equivalent to a 12.6-year-old Japanese boy. Computed tomography (CT) of the head showed a defect in the floor of the sella turcica (Fig. 1.) . Magnetic resonance imaging (MRI) revealed a cystic mass extending into the epipharynx through the bone defect ( Fig. 2a and 2b) .
On the basis of the above mentioned findings, he was diagnosed with ACTH, LH, FSH, TSH, and GH tory examination is displayed in Table 1 . Red blood cell, hemoglobin, and hematocrit decreased slightly. Endocrinological laboratory findings are shown in Table  2 . Although the serum levels of both free triiodothyronine and free thyroxine were low, TSH was normal. IGF-I (insulin-like growth factor-I) level was low for his age and sex; IGF-I SD score was −5.7 SD. Levels of plasma ACTH, serum cortisol and dehydroepiandrosterone sulfate (DHEA-S), and urinary free cortisol were all low. LH and testosterone levels were lower than the measurable limit. Provocative tests for pituitary hormone function are shown in Table 3 . The response of cortisol to 250 µg of synthetic ACTH was impaired; the peak value of cortisol was 12.9 µg/dL. Both LH and FSH levels were consistently low in response to LHRH injection. After TRH administration, TSH rose to high values, but total T3 levels did not rise enough to 1.3 times or more. These findings suggested that bioactivity of TSH is decreased in the patient. The patient had almost no response of GH after GHRP-2 (growth hor- GH deficiency, hypogonadotrophic hypogonadism, and diabetes insipidus were frequent disorders. Central hypoadrenalism was rare in previous reports [6] . In our case, hypothyroidism, GH deficiency, hypogonadotrophic hypogonadism, and hypoadrenalism were found, but diabetes insipidus was not detected from laboratory findings and MRI (Table 2 and Fig. 2c) .
We obtained the clinical examination data from the hospital where this patient had consulted a doctor in his childhood. Results of his endocrinological examination at the age of 6 years are shown in Table 4 . Severe GH deficiency and poor response of LH to LHRH were observed. No evidence of ACTH, FSH, TSH, or ADH deficiency was present at that point. He was diagnosed with short stature due to GH deficiency. His subsequent clinical course is shown in Fig. 3 . Free T4 level decreased gradually; nevertheless, TSH did not rise sufficiently. Testosterone levels were lower than the measurable limit at all time points. By the time he was admitted to our hospital at the age of 21, he deficiency due to transsphenoidal cephalocele. Nasal obstruction or nasal discharge, meningitis, and cerebrospinal fluid rhinorrhea were not present; therefore, he did not undergo surgery. He received replacement therapy of adrenocortical hormone (hydrocortisone 20 mg), thyroid hormone (levothyroxine sodium hydrate 75 μg), after which his complaints were resolved. His weight was increased to 44kg, though his height did not change. Ten months after, he accepted the replacement therapy of sex hormone (testosterone enanthate 125mg, once a month) and GH (somatropin 1.3mg). However, he did not come to our hospital three months later.
Discussion
Transsphenoidal cephalocele often leads to hypothalamic-pituitary dysfunction. The incidence of hypothalamic-pituitary insufficiency was estimated at about 50-60% in previous reports [1, 4, 5] . Hypothyroidism, Although hypothalamic-pituitary function was not necessarily examined at the first visit or during the follow-up time in all previous case reports, it has been reported that most patients (7 out of 9 patients: 77.8%) with transsphenoidal cephaloceles exhibited a progression of hormonal disturbances [8] . On the other hand, neurosurgical intervention could not effectively prevent pituitary dysfunction [4, 9] . In hypothalamic-pituitary dysfunction, surgical treatment might be required to prevent a progression of hormonal insufficiency. Since a valid surgical procedure for transsphehad not only GH deficiency, but also ACTH, LH, FSH, and TSH deficiency. MRI when he was 6 years old revealed a sphenoid cystic lesion 1.5 cm in diameter (Fig. 2d) . The size of his transsphenoidal cephalocele had increased to 3.5 cm by the time of his admission to our hospital (Fig. 2a, 2b , and 2c). To summarize, both hypothalamic-pituitary dysfunction and pituitary herniation had progressed significantly in 15 years. There are only a few case reports showing endocrinological follow-up for a time period of ten years or more in patients with transsphenoidal cephaloceles and pituitary herniation [2, 4, 7] . The natural course are variable. In the present case, MRI revealed that the periphery of the cephalocele was enhanced by gadolinium, and the posterior pituitary bright spot was observed in the sella turcica (Fig. 2) . These findings suggest that both the anterior pituitary gland and the neurohypophysis existed. Accordingly, damage to the pituitary stalk might have caused hypothalamic-pituitary dysfunction in this case.
In conclusion, we have reported a patient who had ACTH, LH, FSH, TSH, and GH deficiency due to a transsphenoidal cephalocele. Both hypothalamic-pituitary dysfunction and pituitary herniation have gradually progressed in the past 15 years. In the future, surgical treatment might be a promising choice to prevent further progression of hormonal insufficiency in similar patients.
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The surgical treatment for transsphenoidal encephalocele has not always been beneficial [3, 13] . There is a risk of damaging the functioning tissue within the wall of encephalocele [10] . In our case, MRI revealed that a cystic mass contained a surrounding structure, and the pituitary hormones were not completely lack. In addition, surgical treatment could not effectively prevent pituitary dysfunction [4, 9] . If there was an evidence of respiratory obstruction, meningitis, cerebrospinal fluid rhinorrhea, and progressive visual defects, we will conduct a surgical repair to transsphenoidal encephalocele.
The mechanism of this hormonal abnormality is still unknown. In a child with diabetes insipidus complicated by cephalocele, the degeneration of the hypothalamus and agenesis of the supraoptic nuclei may be detected, but the description of pituitary gland anomaly had not been reported [2] . One report described a male patient with GH, TSH, and LH deficiency, and pituitary fibrosis, but a normal hypothalamus [4] . Therefore, the abnormalities of the hypothalamus and pituitary gland the GH replacement therapy. Free T4 (〇) decreased gradually; nevertheless, TSH (△) did not rise appropriately. Testosterone (□) levels were lower than the measurable limit at all time points.
